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Wide panels, the maximum subsidence at the surface is a function of thickness of coal

seam extracted and depth of cover . The thicker the extracted coal, the greater the

subsidence . Conversely, the deeper the cover, the less the subsidence due to swell of

gob . In areas where multiple seam mining is practiced, the maximum combined

thickness of fully extracted coal may amount to as much as 25 feet . Cover depths over

full extraction areas may range from 300 to 2,000 feet, with maximum subsidence

ranging from 20 feet down to 3 feet, respectively, in areas where total thickness extracted

is 25 feet. These estimates represent extreme condition which are rarely encountered .

More typical subsidence for the permit area would range from 7 feet down to 1 .2 feet for

the 300 to 2,000 foot cover depths, respectively. These predications are based on data

collected by the National Coal Board (UK) for their "Subsidence Engineer's Handbook"

(1975) . Hiawatha Coal Company does not expect subsidence to be greater then 10 feet in

any area .

No significant surface structure such as building, power lines, pipelines or oil-and-gas

wells exist within projected mining areas . A few dirt roads, fence lines and stock

watering ponds do exist and could be influenced . A subsidence monitoring plan has been

developed and is discussed in Chapter 5, Engineering .
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Table 7-1

Results of Spring Inventory Conducted On and Adjacent To Hiawatha's Permit In October, 1983

The spring names are based on the township, range, and section where they are located .
Example: The 3" d spring found in Township 15 S, Range 7 E, Section 15 is named 15-7-15-3 .

71$ A /11© /Al

WION
MB ER

FLOW
(gprn)

SPECIFIC CONDUCTANCE
(umhos/cm (D, 25'C) GEOLOGIC CONDITIONS SIGNS OF USAGE COMMENTS

15-7-11-1 1 260 Steep slopes (base of Castlegate Sandstone)
Deer tracks

Che m date in
WRI 81-539

11-2 Seep At sandstone - Shale interface (base of Castlegate
ss)

None Dry

11-3 Seep At sandstone - Shale interface (in Blackhawk
Formation) None

11-4 Seep In limestone
(North Horn FM.)

None

15-7-12-1 <1 260 Base of limestone
(North Horn FM.)

Deer tracks Chem data in
BDR 31

15-7-13-1 1 320 Fractured sandstone within limestone (North Hom. Developed with trough

13-2 Seep In limestone (North Horn FM.) None

13-3 4 320 Fractured sandstone within limestone (North Horn
FM)

Wildlife

13-4 Seep In limestone
(North Horn FM.)

Developed as pond
Cattle\deer tracks

13-5 Seep In limestone
(North Horn FM.)

Deer & cattle tracks

13-6 In limestone
(North Horn FM .)

Developed as pond.
Cattle & deer tracks

14-7-14-1 In limestone
(North Horn FM.) Deer & cattle tracks

	1 4.2 Seep In limestone
(North Horn FM.)

Developed as pond.
Cattle & deer tracks No outflow

143 7 380 In limestone
(North Horn FM .) Deer & cattle tracks Chem. data in

WRI 81-539

14-4 Seep In limestone
(North Horn FM .) Deer & cattle tracks

14-5 Seep In limestone
(North Horn FM.) Deer tracks

14-6 8 320 At base of resistance unit (North Horn FM .) Fenced, developed U .S .Fuel monitor- ing
station SP-3

15-7-15-1 2 400 In limestone
(North Hom FM .) Fenced, developed Chem. data in BRD 31 &

WRI 81-539

15-2 Seep In limestone
(North Horn FM.) Deer & cattle tracks

15-3 Seep In limestone
(North Horn FM.) Deer tracks

15-4 Seep In limestone
(North Horn FM .) Deer tracks

15-5 2 540 Base of limestone
(North Horn FM.) Chem . data in

15-6 4 480 From fractured sandstone (Price River Fm) Deer & cattle tracks WRI 81-539

15-7 2 370 At base of limestone
(North Horn FM .)

Deer tracks Chem. data in
WRI 81-539



Table 7-1 (Continued)

Results of Spring Inventory Conducted On and Adjacent To Hiawatha's Permit In October, 1983

•

	

The spring names are based on the township, range, and section where they are located .
Example: The 3" spring found in Township 15 S, Range 7 E, Section 15 is named 15-7-15-3.

7 19 A /r 1 Q /f1',

WB
ION
ER

FLOW
(gpm)

SPECIFIC CONDUCTANCE
(umhos/cm @ 25° C) GEOLOGIC CONDITIONS SIGNS OF USAGE COMMENTS

15-7-22-1 1 430 At sandstone-shale interface (Price River Fm .) None Chem. data m
WRI 81-539

22-2 10 430
Near base of sandstone
(Price River Formation)

Deer & cattle tracks

22-3 12 390
Near base of sandstone
(Price River Formation)

Deer & cattle tracks

22-4 Seep
Fractured Sandstone
(Castlegate sandstone)

Deer & cattle tracks

15-7-23-1 Seep At sandstone - Shale interface (in Price River Fm.) Deer & cattle tracks Possible
past development

23-2 Seep
Near base of limestone
(in North Horn Fm.)

None

23-3 5
Base of fractured sandstone

(in Price River Fm .)
Deer & cattle tracks Not sampled

23-4 Seep
Near base of limestone
(North Horn Formation)

Deer tracks

15-7-24-1 Seep
Fractured sandstone within limestone

(North Horn Fm .) Wildlife Diffuse seepage

24-2 8 340
At base of steep slope
(in North Horn Fm .)

Deer & cattle tracks

24 3 5 360
In fractured limestone
(North Horn FM.)

Deer & cattle tracks

4-4 Seep
Limestone slope
(North Horn Fm.)

Deer tracks Diffuse seepage

-25-1 Seep
Base of limestone
(North Horn Fm)

Deer tracks

25-2 8 540
Near base of limestone
(North Hom Fm )

Deer & cattle tracks he data in
WRI 81-539

25-3 2
Near base of limestone

(North Horn Fm.)
Deer tracks Not sample

25 4 Seep
Base of limestone
(North Horn Fm.)

Deer tracks

15-7-26-1 Seep
Near base of limestone

(North Horn Fm)
None

26-42 480
Near base of limestone

(North Horn Fm)
Deer & cattle tracks Chem data in

WRI 81-539

26-3 500
Near base of limestone

(North Horn Fm)
Deer tracks Field data in

WRI 81-539

26-4 15 460
Near base of limestone

(North Born Fm .)
Deer & cattle tracks Field data in

WRI 81-539

15-7-27-1 29 440
Base of limestone
(North Hom Fm .)

Deer tracks Chem data in
WRI 81-539

27-2 11 310
Base of limestone
(North Horn Fm)

Deer tracks Field data in
WRI 81-539

15-7-34-1 Seep
At sandstone-shale interface

(Price River Fm)
None Diffuse seepage

34-2 Seep
At sandstone-shale interface

(Price River Fin.)
None



Table 7-1 (Continued)

Results of Spring Inventory Conducted On and Adjacent To Hiawatha's Permit In October, 1983

•

	

The spring names are based on the township, range, and section where they are located .
Example: The 3' d spring found in Township 15 S, Range 7 E, Section 15 is named 15-7-15-3 .

7 20 A /19/01

IW ON
ER

FLOW
(gpm)

SPECIFIC CONDUCTANCE
(umhos/crn (ta 25'C) GEOLOGIC CONDITIONS SIGNS OF USAGE COMMENTS

15-7-343 Seep
At sandstone-shale interface

(Blackhawk Fm.)
Deer tracks Diffuse seepage

34 4 1 500
At sandstone-shale interface

(Blackhawk Fm .)
Deer & cattle tracks

34-5 Seep
At sandstone-shale interface

(Blackhawk Fm .) None In road cut

34-6 Seep
At sandstone-shale interface

(Blackhawk Fm .)
None In road cut

15-7-35-1 5 410
Fracture sandstone

(Castlegate sandstone)
Cattle tracks Chem data in

WRI 81-539

35-2 Un-known 580
Fractured sandstone
(Blackhawk Fm.)

Developed,
manhole & valve

Chem data in
WRI 81-539

36-3 Seep
At sandstone-shale interface

(Blackhawk Fm.)
Deer tracks

15-7-36-1 1 340 At sandstone lense in limestone (North Horn Fm.) Deer tracks

36-2 5 410 At sandstone lense in limestone(North Horn Fm .) Deer & cattle tracks

36-3 5 320
In limestone

(North Hom Fm .)
Cattle tracks

15-8-7-1. Seep
Near Base of limestone

(North Hom Fm.)
Deer & cattle tracks

7-2 Seep
Near Base of limestone

(North Hom Fm.)
Deer tracks

7-3 5 350
At base of limestone
(North Horn Fm.)

Deer tracks U.S .Fuel monitor ing
station SP-14

7 4 2 330
In limestone

(North Horn Fm.)
Deer & cattle tracks

7-5 Seep
At sandstone-shale interface None

15-8-17-1 Seep
At base of limestone
(North Horn Fm.)

None

17-2 1 320
Near base of limestone

(North Horn Fm.)
Deerr tracks

15-8-18-1 2 300
At base of limestone
(North Horn fin.)

Deer & cattle tracks U .S .Fuel monitoring
station SP-1

18-2 Seep
At sandstone-shale interface

(Price River Fm .)
Deer tracks

18-3 Seep
At sandstone-shale interface

(Price River Fm.)
Deer tracks

184 2 350
At base of limestone
(North Horn Fm .)

Deer & cattle tracks U.S.Fuel monitoring
station SP-2

18-5 5
Base of sandstone ledge
(Castlegate sandstone)

None Diffuse seepage

15-8-19-1 Seep
At sandstone-shale interface

(Price River Fm.)
None

19-2 4 480
Fractured sandstone

(Castlegate sandstone)
Some deer tracks U.S.Fuel monitoring

station SP- I 1

15-8-19-3 Seep
At base of limestone
(North horn Fm.)

None (inaccessible) Not sampled



Table 7-1 (continued)

Results of Spring Inventory Conducted On and Adjacent To Hiawatha's Permit In October, 1983
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The spring names are based on the township, range, and section where they are located.
Example: The 3rd spring found in Township 15 S, Range 7 E, Section 15 is named 15-7-15-3 .

721

ION
NU ER

FLOW
(Wm)

SPECIFIC CONDUCTANCE
(umhos/cm @ 25° C) GEOLOGIC CONDITIONS SIGNS OF USAGE COMMENTS

19-4 Seep
At sandstone-shale interface
(Blackhawk Fm.)

19-5 4 480
At sandstone-shale interface
(Castlegate sandstone)

Deer tracks

19-6 Seep
At sandstone shale interface
(Blackhawk Fm.)

None

19-7 Seep
At sandstone-shale interface
(Blackhawk Fm.)

None

19-8 Seep
At sandstone-shale interface
(Blackhawk Fm.)

Some deer tracks

15-8-30-1 3 460
In limestone above resistant
layer (North Horn Fm .) Developed sampled at

spring box

30-2 2 490
Base of sandstone ledge
(Castlegate sandstone)

Deer tracks

30-3 520
Base of sandstone ledge
(Castlegate sandstone)

Deertracks

30-4 8 530
At base of sandstone
(Castlegate sandstone)

Deer tracks U.S .Fuel monitor ing
station SP-12

30-5 5 470
At base of sandstone, above
claystone (Castlegate ss)

Deer tracks

30-6 Seep
Sandstone--hale interface
(Blackhawk Fm.) None

-0 1 <1 350
In limestone below resistant
layer (North Horn Fm.)

Developed with pond &
trough

U .S .Fuel monitoring
station SP-4

321-2 Seep
In limestone
(North Horn Fm .)

None In roadway

31-3 <1 280
In limestone
(North Horn Fm.)

None In roadway

31-4 4 460
Base of fractured sandstone
(Castlegate sandstone)

Deer tracks U.S .Fuel monitor ins
station SP-13

31-5 2 640
Base of fractured sandstone
(Castlegate sandstone) Developed

15-8-32-1 <1 1030
At sandstone-shale interface
(BlackhawkFm.) None

32-2 10 580
From fractured sandstone
(Star Point sandstone)

Tar tracks

16-7-1-1 5 400
In limestone
(North Horn Fm.)

Deer & cattle tracks Chem data in
WR181-539

1-2 5 380
In limestone
(North Ham Fm.)

Flows into
stock pond

U.S.Fuel monitoring
station SP-7

1-3 Seep
In limestone
(North Horn Fm.)

Livestock fenced

14 Seep
At base of resistant layer
(North Horn Fm.)

Livestock

1-5 3 400
At base of resistant layers
(North Horn Fm.)

Deer tracks Diffuse page

16-7-2-1 Seep
In limestone
(North Horn Fm.)

Deer & Cattle tracks



Table 7-1 (Continued)

Results Of Spring Inventory Conducted On And Adjacent To Hiawatha's Permit In October,
1983

The spring names are based on the township, range, and section where they are located .
Example: The 3" t spring found in Township 15 S, Range 7 E, Section 15 is named 15-7-15-3 .

727- A /+1 0 /n1

Lo ION
NUMBER

FLOW
(gpm)

SPECIFIC CONDUCTANCE
(umhos/cm @ 25 ° C) GEOLOGIC CONDITIONS SIGNS OF USAGE COMMENTS

16-7-11-1 <1 500
At sandstone-shale interface
(Price River Fm .)

Deer tracks Diffuse seepage

16-7-11-2 5 390
From fractured sandstone in limestone (North
Horn Fm.)

Deer tracks Chem. data in
WRI 81-539

11-3 3 390
From fractured sandstone in limestone (North
Horn Fm .)

Deer & cattle tracks

11-14 1 540
Near base of limestone
(North Horn Fm.)

Deer tracks Field data in
WRI 81-539

16-7-12-1 Seep
From sandstone
(North Horn Fm.) None

12-2 2 450
From fractured sandstone
(North Horn Fm)

Deer tracks

12-3 1 420
Base of resistant layers
(North Horn Fm .)

Deer tracks trails Near surface
displacement

12-4 Seep
In limestone
(North Horn fin .)

Deer tracks, trails Diffuse seepage

12-5 5 520
In limestone
(North Horn Fm .)

Deer tracks Chem data in
WARI 81-539

16-7-13-1 3 330
Base of fractured limestone
(North Horn Fm.)

Deer & cattle tracks U .S .Fuel monitoring
station SP-9

13-2 2
At sandstone-shale interface
(Price River Fm .)

None Not sampled

5 390
From fractured sandstone
above shale (Price River Fm.)

None

13-4 Seep
At sandstone-shale interface
(Price River Fm .) None

16-7-13-5 Seep
At sandstone-shale interface
(Price River Fm.)

None Diffuse seepage

13-6 Seep
At sandstone-shale interface
(Price River Fm.)

Deer tracks Diffuse seepage

13-7 10 360
At sandstone-shale interface
(Price River Fm.)

None Sampled at bottom of
main canyon

13-8 8 310
At sandstone-shale interface
(Price River Fm.) None Sampled at bottom

of main canyon

13-9 Seep
At sandstone-shale interface
(Price River Fm)

None

13-10 Seep
At sandstone-shale interface
(Price River Fm.)

None

13-11 Seep
At sandstone-shale interface
(Blackhawk Fm.)

None

13-12 Seep
At sandstone-shale interface
(Blackhawk Fm.)

None

13-13 Seep
At sandstone-shale interface
(Blackhawk Fm.)

None

13-14 Seep
At sandstone-shale interface
(Blackhawk Fm.)

None

16-7-13-15 3 490
Base of limestone
(North Horn Fm.)

Deer & cattle tracks



Table 7-1 (continued)

Results of Spring Inventory Conducted On and Adjacent To Hiawatha's In October, 1983
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The spring names are based on the township, range, and section where they are located .
Example: TheP spring found in Township 15 S, Range 7 E, Section 15 is named 15-7-15-3 .

7 23 4 / 019 in 12

LION
R

FLOW
(gpm)

SPECIFIC CONDUCTANCE
(umhos/cm (@D, 25° C) GEOLOGIC CONDITIONS SIGNS OF USAGE COMMENTS

16-7-23-1 Seep
At sandstone-shale interface
(Blackhawk Fm .)

None

16-7-24-1 Seep
At sandstone-shale interface
(Blackhawk Fm) None

24-2 Seep
At sandstone-shale interface
(Blackhawk Fm.) None

24-3 Seep
At sandstone-shale interface
(Blackhawk Fm.)

None Diffuse seepage

16-7-25-1 Seep
From fractured sandstone
(Star point sandstone)

None

25-2 Seep
From fractured sandstone
(Star point sandstone) None

25-3 <1 5470
From bottom of channel
(Mancos shale)

Deer tracks Shale outcrops in channel
downstream

16-7-26-1 >100 470
From fractured sandstone
(Star point sandstone)

Developed
City water supply

Bear Canyon spring Data
in WRI .81-539

26-2 Seep
At sandstone-shale interface
(Blackhawk Fm.)

None

26-3 Seep
At sandstone-shale interface
(Blackhawk Fm.) None

26 4 8 730
From fractured sandstone
(Star point sandstone) Deertracks Birch spring

Data in WRI 81-539

5 >50 750
From fractured sandstone
(Star point sandstone)

Deer tracks Chem. data in
WRI 81-539

1

	

1 3 450
In limestone
(North Horn Fm.)

Developed,
with trough

U .S .Fuel monitoring
station SP-5

16-8 6-1 3 450
Base of fractured sandstone
(North Hom Fm.)

Deer & cattle tracks U .S .Fuel monitoring
station SP-6

6-2 Seep
Base of resistant layer
(North Hom Fm)

None

6 3 Seep
From road cut
(north Hom Fm .) None

6 4 Seep
From road cut
(north Horn Fm .) None

6-5 Seep
From road cut
(north Horn Fm .)

None

16-8 7-1 Seep
From road cut
(Price River Fm.)

None

7-2 10 440
From fractured sandstone
(North Hom Fm.)

Deer & cattle tracks

16-8-8-1 5 560
Fractured sandstone
(Castlegate sandstone)

Deer tracks

8-2 7 640
Fractured sandstone
(Castlegate sandstone)

Deer tracks Diffuse seepage
in road cut

8-3 Seep
At sandstone-shale interface
(Blackhawk Fm.)

None In road cut

16-8-8-4 Seep
At sandstone-shale interface
(Blackhawk Fm.) None In road cut



Table 7-1 (continued)

Results of Spring Inventory Conducted on and Adjacent To Hiawatha's Permit In October, 1983
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The spring names are based on the township, range, and section where they are located .
Example: The 3'' spring found in Township 15 S, Range 7 E, Section 15 is named 15-7-15-3 .

771

0ON
R

FLOW
(gpm)

SPECIFIC CONDUCTANCE
(umhos/cm (a@ 25° C) GEOLOGIC CONDITIONS SIGNS OF USAGE COMMENTS

8-5 6 730
Colluvium overlying sandstone
(Blackhawk Fm.)

Developed U .S .Fuel monitor ing
station SP-8

16-8-8-6 Seep
At sandstone-shale interface
(Blackhawk Fm.)

None In road cut

16-8-9-1 Seep
Sandstone in road cut
(Star Point Fm.)

None

16-8-17-1 5 500
Near base of limestone
(North Horn Fm.)

Deer & Cattle tracks

17-2 5 490
Near base of limestone
(North Horn Fm.)

Deer & Cattle tracks

16-8-18-1 3
Fractured limestone
(North Horn Fm.)

Deer & Cattle tracks Not sampled

18-2 3 600
Fractured limestone
(North Horn Fm.) Deer & Cattle tracks Field data in

WRI 81-539

18-3 9 520
In limestone
(North Horn Fm.)

Deer & Cattle tracks Chem. data in
WRI 81-539

16-8-19-1 <1 570
Base of fractured sandstone
(Castlegate sandstone) Deer tracks Chem data in

WRI 81-539

16-8-20-1 3 700
Base of limestone
(North Horn Fm.)

Cattle tracks U .S .Fuel monitoring
station SP-10

20-2 Seep
Near base of limestone
(North Horn Fm.)

Deer tracks

1

	

1 <1 2820
At sandstone-shale interface
(Blackhawk Fm .)

None

21- 4 2630
Fractured sandstone
(Star Point sandstone) Deer tracks Field data in

WRI 81-539

16-8-28-1 9 2230
Base of sandstone
(Star Point sandstone)

Developed,
with trough



Canyon. The King 6 mine is currently inactive and the water tank is not being used . Mine water

During the 2002 1992 permit review the Division requested that persistent and

measurable in-mine flows be monitored for quality quantity and seasonal variations . Currently

all portals are sealed so no in-mine monitoring can be done . Once the seals are breached and

mining is resumed Hiawatha will develop an underground water monitoring plan to monitor all

flows that are greater than 5gpm and last for more than 30 days . The Division will be consulted

during the development of this plan .

Monitoring parameters will be the same as

those required by the EPA NPDES permit listed in Table 7-13 -1.4.

SURFACE WATER MONITORING PLAN

Uffited States Fuel Hiawatha Coal Company currently monitors streams described in this

program on a monthly basis when accessible . The location of each monitoring point is shown on

Exhibit 7-1 and described in Table 7-15 . Sample analyses are done semi-annually . Table 7-17

shows the sampling frequency for each of the sites .

S .-

Samples collected after

	

will be analyzed

according to either Table 7-154-9 or 7-1620

7-101 4/28/03



Map(s) is kept with this application located in the Public
Information Center of our Salt Lake City office .
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